The safety and efficacy of long-term oral milrinone ther• apy were evaluated over a 2V2 year period in 100 patients who had severe congestive heart failure despite conven• tional therapy. Long-term oral milrinone therapy (27 ± 8 mg/day initial dose) was well tolerated; drug-related side effects occurred in only 11 % of patients and led to drug withdrawal in only 4% of patients. Of 94 patients evaluated after 1 month of therapy, 51 % had improved by at least one New York Heart Association functional class. Despite hemodynamic and clinical improvements, life table analysis showed a 39% mortality rate at 6 months and a 63% mortality rate at 1 year of therapy. Characteristics at study entry that predicted death within 6 months included more advanced functional class, im• paired renal function, lower right ventricular ejection fraction, presence of nonsustained ventricular tachycar• dia on 24 hour ambulatory electrocardiography, more Congestive heart failure, a common manifestation of the late stages of coronary, valvular or myocardial disease, af• fects approximately 2 million individuals in the United States (1,2). Numerous studies of patients with heart failure have demonstrated an accelerated mortality which corresponds to a number of clinical indexes of severity, including New York Heart Association functional class, hemodynamic sta• tus at rest and the presence of ventricular arrhythmia (3-12). Although a variety of therapeutic agents (cardiac glycosides, diuretics and vasodilators) are capable of producing short-
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(J Am Coli CardioI1986; 7:661-70) term hemodynamic and clinical improvement, and main• taining this improvement to varying degrees and for various durations during long-term administration, there is no firm evidence that any of these groups of agents, adminisfered individually or in combination, prolong the survival of pa• tients with severe congestive heart failure (13-15). Because many patients treated with conventional agents fail to achieve or maintain adequate clinical improvement, there has been ongoing interest in the development of orally active positive inotropic/vasodilator drugs such as the bi• pyridine compound milrinone. We and other investigators (16) (17) (18) (19) (20) have previously described the acute hemodynamic and chronic clinical improvements produced by milrinone, but have not adequately assessed the influence of milrinone on patient survival. Such a study is particularly important, a~ some investigators (21-23) have suggested that inotropic therapy might actually have a deleterious long-term effect in patients with heart failure by predisposing them to myo• cardial ischemia, ventricular arrhythmia or accelerated my-ocyte degeneration. In an effort to begin to address this important issue, the present report reviews our experience with long-term oral therapy in the first 100 patients with congestive heart failure to receive milrinone at the Beth Israel and Brigham and Women's Hospitals between July 1982 and January 1985.
Methods
Study patients. This study is based on 100 patients with severe congestive heart failure despite treatment with dig• italis glycosides, diuretics and one or more oral vasodilators. Eighty-five patients had received vasodilator therapy at max• imally tolerated doses for at least 1 month immediately before entry into the study. The agents administered in• cluded captopril in 51 patients (105 ± 75 mg/day), prazosin in 13 patients (5 ± 3 mg/day), hydralazine in 16 patients (139 ± 75 mg/day), long-acting nitrates as a single agent in 9 patients or combined with other vasodilators in 41 patients, and nifedipine in 1 patient. In the remaining 15 patients, vasodilator therapy had been attempted with one or more of these agents, but had been unsuccessful because of side effects or limiting hypotension.
Each patient was evaluated by clinical examination, 24 hour ambulatory electrocardiography, gated equilibrium radionuclide left and right ventriculography and serum chemistry determinations before enrollment. In addition, radioenzymatic measurement of plasma norepinephrine lev• els at rest (20) was performed at baseline in 29 of the 35 patients studied at the Brigham and Women's Hospital. The results of coronary angiography were available in 94 pa• tients, and endomyocardial biopsy was performed in 22 of the 42 patients without underlying coronary artery disease. No patient with recent (within 3 months) myocardial in• farction, significant ongoing angina pectoris, symptomatic ventricular arrhythmia despite drug therapy, surgically treat• able valvular disease, biopsy-proved active myocarditis or clinically significant renal or pulmonary disease was included.
Hemodynamic measurements. At entry, each patient underwent right heart catheterization after overnight with• drawal from vasodilator and diuretic agents to evaluate base• line hemodynamics and the response to acute intravenous milrinone administration. After paired baseline measure• ments, the initial dose of milrinone was administered intra• venously and hemodynamic measurements were repeated. Cardiac output was measured by the thermodilution or Fick technique, and other hemodynamic variables were calcu• lated according to standard formulas (4) .
Oral milrinone therapy. After the intravenous milri• none infusion, oral milrinone was administered three to six times per day in a total daily dose of 20 to 50 mg in addition to ongoing digitalis, diuretic, vasodilator and antiarrhythmic therapy as clinically indicated. Twenty-four hour electro• cardiography was repeated 48 hours after the initiation of oral milrinone therapy. Patients were evaluated monthly on an outpatient basis during long-term oral milrinone therapy, under a protocol approved by the Hospitals' Human Subjects Committees. At each visit, patients were evaluated by in• terview and physical examination, and medication doses were changed as required. The dose of furosemide was altered to maintain an edema-free state, whereas the doses of the vasodilator and milrinone were adjusted to obtain maximal improvement in clinical symptoms. In the event of death outside the study hospital, information was obtained from the patient's family and physician. When possible, the cause of death was ascribed either to progressive heart fail• ure or to sudden death (death occurring in the absence of premonitory symptoms during the previous hour, in a patient who was otherwise clinically stable).
Statistical analysis. Clinical and hemodynamic vari• ables at baseline and during milrinone therapy were eval• uated for the 100 patients as a whole and for several subgroups based on survival outcome. Data were expressed as mean ± SD, and initial univariate comparisons were made using either an unpaired t test or 2 x 2 frequency table (chi• square) analysis, with statistical significance taken at prob• ability (p) less than 0.05. Multivariate analysis was sub• sequently performed using discriminant analysis (24, 25) . Cumulative survival curves were obtained for the group as a whole and for various clinical subgroups, using both the life table (26) and survivorship methods, in which patients withdrawn from milrinone therapy were treated as "dropouts" according to the first method and as "censored data" according to the second method. Life table survivor curves were tested for significant differences by standard methods, whereas the Kaplan-Meier curves were compared using both the Mantel-Cox log rank test (28) and the Gehan-Breslow statistic (29) .
Results
Baseline findings. Patient characteristics are summa• rized in Table 1 . The mean duration of heart failure was 34 months, and 95 patients had experienced significant wors• ening of heart failure during the 6 months before entry. The cause of heart failure was ischemic heart disease in 58 pa• tients, the majority of whom had obstructive coronary dis• ease involving three vessels. Twenty-six (45%) of the pa• tients with ischemic heart disease had previously undergone coronary artery bypass surgery. Congestive heart failure was due to dilated cardiomyopathy in 42 patients; dilated car• diomyopathy followed adriamycin treatment in 2 patients, occurred in the setting of moderate alcohol intake in 2 pa• tients, followed valve replacement in 5 patients and was idiopathic in the remaining 33 patients. Despite conventional therapy as described earlier, 39 pa• tients were in functional class IV before milrinone therapy, and the remaining 61 were in functional class III. Hemo- 13 ± 5
*Drug doses are shown as mean ± SD (in mg/day), at the time of hospital discharge (Discharge) and at the time of last follow-up. Percent figures for antIarrhythmIC drug and captopril refer to percent of patIents receiving the given drug or drug class at the time indicated, with the captopril dose (mean ± SD in mg/day) given m parentheses. tValues are shown at baselIne and after intravenous milrinone, with the percent change after milrinone indicated in parentheses. AoSP = aortic systolic pressure; BUN = blood urea nitrogen; CABG = coronary artery bypass graft; CAD = coronary artery disease; CHF = congestive heart failure; CI = cardiac mdex; L VEF = left ventricular ejection fraction; L VSWI = left ventricular stroke work index; NYHA = New York Heart Association; PCWP = pUlmonary capillary wedge pressure; RAP = right arterial pressure; RVEF = nght ventncular ejection fraction; RVSWI = nght ventricular stroke work index; SVR = systemic vascular resistance; VT > 3 = percent of patIents with at least one episode of ventricular tachycardia exceeding three beats m length on 24 hour ambulatory electrocardIOgraphy. dynamic studies showed severe depression of ventricular performance (Table I ). The baseline plasma norepinephrine at rest in the 29 patients in whom it was measured was markedly elevated, averaging 709 ± 616 pg/ml (normal value = 213 ± 60); this group did not differ significantly from the remaining 71 patients according to any of the variables in Table I . High grade ventricular arrhythmia was common (Fig. I) ; 24 hour electrocardiograms obtained be• fore administration of milrinone showed at least one episode of non sustained asymptomatic ventricular tachycardia (three or more consecutive ventricular premature complexes) in 57 patients. Episodes of ventricular tachycardia were three to six cycles in length in 35 patients and greater than six consecutive beats in an additional 22 patients, despite on• going antiarrhythmic drug treatment (with quinidine or pro• cainamide) in 56% of patients at the time of study entry.
Acute effects of milrinone. Significant hemodynamic improvement was evident after the acute intravenous admin• istration of milrinone 5 ± 3 mg (80 ± 40 j.tg/kg) ( Table  I) . Repeat 24 hour electrocardiographic monitoring after 48 hours of oral rnilrinone therapy showed no significant change in ventricular ectopic rhythm, with episodes of nonsustained asymptomatic ventricular tachycardia of three to six beats in length in 44 patients, and episodes exceeding six beats in length in an additional 20 patients (Fig. 1) . Comparing pre-and post-milrinone 24 hour electrocardiographic re• cordings in 97 patients, the level of ventricular arrhythmia increased in 23, decreased in 23 and remained unchanged in 51 patients.
Clinical response to long-term therapy. Oral milri• none therapy at an average initial dose of 27 ± 8 mg/day was associated with a decrease in the symptoms of heart failure in 48 of the 94 patients whose data are shown in Figure 2 (the 6 additional patients in the total group of 100 had been followed up for less than I month after entry by January 1, 1985) . If the nine patients who died during the first month of therapy and the three patients who were with• drawn during the first month of the study are excluded (see later), heart failure symptoms improved by at least one functional class in 48 (59%) of 82 patients, were unchanged 
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[ill This improvement could not be explained by an increase in furosemide dose, which was unchanged from 107 ± 68 mg/day before milrinone to 105 ± 74 mg/day at 1 month. Nor could it be explained by the concomitant use of con• ventional vasodilators, which were reduced significantly in both number of patients treated and dose per patient. While 51 patients had received captopril at a dose that averaged 105 ± 75 mg/day before milrinone therapy, only 24 patients continued to receive captopril at the I month visit and their dose was reduced to 57 ± 39 mg/day (p < 0.01). Similarly, only 3 of 13 patients continued to receive prazosin, and only 2 of 16 patients continued to receive hydralazine. Dur• ing the 9 ± 5 months of follow-up, the dose of milrinone was increased to an average of 34 ± 11 mg/day, and the dose of furosemide to 151 ± 97 mg/day, but there was no significant increase in concomitant vasodilator use or dosage (Table 1) , Side effects and patient withdrawal. During the course of the study, 14 patients were withdrawn from milrinone therapy, Withdrawal was prompted by lack of response in three patients, poor compliance with the study protocol in two patients and surgical intervention obviating further mil• rinone therapy in five patients (one aortic valve replacement at 10 months, one mitral valve replacement at 4 months and three cardiac transplantations at 0.25, 3 and 14 months, respectively), An additional four patients were withdrawn because of side effects possibly related to milrinone therapy, including one patient each with headache, muscular weak• ness, insomnia and increased ventricular arrhythmia. Milder side effects occurred in seven patients. but did not prevent continuation of milrinone therapy; four of these patients reported headache during the initial days of milrinone ther• apy, which subsequently resolved. Muscular weakness worsened after several months of therapy in one other patient with preexisting muscular dystrophy, but failed to improve after 1 week of milrinone withdrawaL so that milrinone was reinstituted to control ongoing symptoms of heart failure. An increase in anginal symptoms was reported by three patients during the increased activity permitted by the con• trol of heart failure symptoms, but was managed by addi• tional medical therapy in two patients and by coronary artery bypass grafting in the third. One patient sustained an acute myocardial infarction during milrinone therapy; this patient had undergone coronary artery bypass graft surgery 5 years before study entry, sustained a lateral wall myocardial in• farction due to graft thrombosis after 9 months of milrinone therapy and died of progressive heart failure 2 months later. Mortality. Despite the aforementioned hemodynamic and clinical improvements and a relatively low incidence of side effects requiring discontinuation or reduction of the dose of milrinone. a substantial early mortality rate was noted (Fig. 3) . Life table analysis disclosed a 39% mortality rate after 6 months, and a 63% mortality rate after 12 months of milrinone therapy. The 6 and 12 month mortality rates were not significantly different (40 and 75%) for the subgroup of patients whose baseline plasma norepinephrine levels at rest had been measured.
Predictors of early mortality. Comparison of the 25 patients who survived for more than 6 months with the 48 patients who died during milrinone therapy reveals several univariate correlates of early mortality (Table I) . Patients surviving for more than 6 months had significantly higher baseline right ventricular ejection fraction, systolic aortic pressure, cardiac index and left ventricular stroke work in• dex than did nonsurvivors. Survivors also had significantly lower baseline values for blood urea nitrogen and creatinine, a lower incidence of ventricular tachycardia on the baseline 24 hour ambulatory electrocardiogram and a lower baseline right atrial pressure than did nonsurvivors. Other factors, including the magnitude of the acute hemodynamic response to intravenous milrinone, did not correlate with survival. Multivariate analysis selected baseline cardiac index and systolic arterial pressure as the key variables defining sur• vival outcome.
Additional factors corresponding to early mortality dur• ing milrinone therapy were evident using life table analysis.
Although there was no difference in survival between pa• tients with coronary artery disease (with or without prior bypass surgery) and patients with dilated cardiomyopathy (Fig. 4) , a significantly lower mortality was observed in patients who at baseline were in functional class III than was observed in those in class IV (39 versus 50% at 6 months, and 54 versus 76% at 12 months, respectively) (Fig. 5) . Patients whose heart failure symptoms had shown improvement by one or more functional classes after 1 month of milrinone therapy also had a significantly lower subse• quent mortality than did patients without such improvement (23 versus 45% at 6 months) (Fig. 6) . Finally, patients without episodes of ventricular tachycardia on the baseline 24 hour ambulatory electrocardiogram had a significantly lower mortality than did patients with such episodes (37 versus 52% at 6 months, and 52 versus 89% at 12 months, respectively) (Fig. 7) . Although survivors also tended to be less likely to exhibit episodes of ventricular tachycardia while receiving oral milrinone, neither the level of arrhyth• mia during milrinone therapy nor the relation between base• line and post-milrinone ectopic activity was a statistically significant predictor of early mortality.
Mode of death. The mode of death could be classified in 36 of the 48 patients who died during chronic milrinone therapy; 15 patients sustained sudden death after 5 ± 4 months, whereas 21 patients died of progressive heart failure after 4 ± 3 months. Not unexpectedly, patients dying of progressive heart failure received greater increases of doses of both milrinone and furosemide during the course of the study, compared with the subgroup of patients who died suddenly and the subgroup of patients surviving longer than 6 months. While patients dying suddenly were more likely to be receiving antiarrhythmic drugs, neither the prevalence of ventricular tachycardia on the baseline or post-milrinone 24 hour ambulatory electrocardiogram nor the hemody• namics at baseline or after intravenous milrinone were sig• nificant predictors of sudden death as opposed to death from progressive heart failure.
Discussion
Hemodynamic and clinical effects of milrinone. Milrinone is a methyl, carbonitrile derivative of the earlier bipyridine agent amrinone, which has been approved for intravenous use in the short-term treatment of severe conges• tive heart failure. Both animal and clinical studies have shown milrinone to have 10 to 30 times the potency of the parent compound (30) . Its mechanism of action relates in part to selective inhibition of phosphodiesterase in cardiac and vascular smooth muscle. Other direct effects on calcium handling have been suggested, but milrinone, like amrinone, does not appear to inhibit sodium-potassium adenosine tri• phosphatase as do cardiac glycosides, nor does it stimulate beta-adrenergic or histaminergic receptors (30) . Although milrinone does act on vascular smooth muscle to produce significant direct peripheral vasodilation (31) , several stud• ies have demonstrated a clear positive inotropic effect at therapeutic plasma concentrations. These studies include demonstration of an increase in peak positive left ventricular first derivative of pressure (dP/dt)-which is not observed with pure vasodilators such as nitroprusside-during both intravenous (16, 32) and low dose intracoronary (33) mil• rinone administration to patients with heart failure, as well as an increase in the slope of the end-systolic pressure• dimension relation in normal subjects (34) . In addition to these vasodilator and positive inotropic effects. milrinone also appears to improve diastolic left ventricular function in patients with heart failure (35) . The aggregate effect of these several actions on the patient with severe heart failure is a marked acute hemodynamic improvement after acute intravenous milrinone administration.
Recent studies have suggested that oral administration of milrinone, 30 to 40 mg/day in divided doses, produces com• parable acute hemodynamic effects and few drug-related side effects (16.19,36) . These hemodynamic benefits appear to persist during 1 month of chronic oral therapy, are as• sociated with improvements in exercise tolerance (20) and led to a reduction in clinical symptoms in approximately one-half of patients who had failed to respond adequately to conventional therapy (19) . Moreover, this experience with long-term oral milrinone therapy contrasts with the earlier bipyridine amrinone, which caused adverse reactions in 83% of patients (requiring drug withdrawal in 34% of patients), and in a multicenter trial (37) failed to cause significant symptomatic improvement at maximally toler• ated doses.
Mortality: comparison with prior studies. Despite the preceding observations, long-term milrinone therapy was associated with a substantial early mortality in our patients; 39% were dead within 6 months and 63% were dead within 1 year of the beginning of therapy. This appears somewhat better than the experience of Simonton et al. (19) . who reported a 6 month mortality of 66% in 37 patients with a more advanced average functional class and a slightly lower average stroke work index. treated with a higher milrinone dose averaging 48 mg/day. Several patient characteristics at entry correlated with early mortality in our study, in• cluding functional class, renal function. ventricular ectopic activity, hemodynamic function (right atrial pressure. sys• tolic arterial pressure, cardiac index. left and right ventric• ular stroke work index, right ventricular ejection fraction) and the clinical response to 1 month of oral milrinone ther• apy. Although many of these variables have been previously identified as predictors of early mortality in studies of pa• tients with heart failure treated with conventional agents (digitalis, diuretic agents or vasodilators, or both) (1-12), accurate comparison of survival outcome in the current study with that expected for patients with comparably severe heart failure is difficult.
One example of the complexity of comparing different patient populations with heart failure is the use of entry functional class, which has constituted an important pre• dictor of survival outcome in virtually all trials. However. patients entering the current study with functional class IV heart failure despite vasodilator therapy might have more advanced disease than patients entering prior studies with a similar degree of heart failure in the absence of a potent vasodilator. Selection of an appropriate comparison group would require matching of other hemodynamic and clinical BAlM ET AL SURVIVAL WITH ORAL MILRINONE 667 variables as well. Vasodilator-treated patients with a com• parable mean baseline plasma norepinephrine level of 700 pg/ml have been reported by Cohn et al. (38) to have a 1 year mortality rate of approximately 50%. which is similar to the mortality in the three prior vasodilator trials in which the mean baseline left ventricular stroke work index was below 25 g.mlm 2 (5.8,38) . The presence of ventricular ec• topic activity may also influence survival (5, 11, 12) . In a study of 35 vasodilator-treated heart failure patients with hemodynamic dysfunction and ventricular ectopic activity comparable with that observed in our patient population, Maskin et al. (39) reported a 1 year mortality rate in excess of 60%. Thus, the 63% 1 year mortality rate in our study is clearly at or above that reported in previous vasodilator trials. This may be explicable in part by our selection of patients who had severe heart failure despite therapy with conventional vasodilators and who may therefore have had more advanced disease; however. given the difficulties in selecting an appropriate comparison group, it would be im• possible to exclude a concomitant adverse effect of milri• none on patient survival except by performance of a pro• spective randomized trial.
Potential mechanisms of mortality. An alternative ap• proach to evaluating the effect of milrinone on patient sur• vival would be to examine the individual mechanisms by which adverse effects might be mediated: worsening of isch• emia, a proarrhythmic effect or hastening the development of myocardial cell death or dysfunction.
Myocardial ischemia. Because of the frequent presence of epicardial coronary stenoses, high left ventricular wall stress at rest and decreased effective coronary perfusion pressure, patients with advanced congestive heart failure may be particularly sensitive to agents that worsen the im• balance between myocardial oxygen supply and demand (40) . However. previous clinical studies (41) suggest that both amrinone and milrinone increase hemodynamic per• formance without significantly increasing myocardial oxy• gen consumption, because of offsetting actions on the in• dividual determinants of myocardial oxygen consumption (MV0 2 ). Although this may be an advantage of the bipyr• idines as compared with sympathomimetic positive inotropic agents such as dobutamine (which increase MV0 2 by ap• proximately 30% at doses that provide a comparable im• provement in hemodynamic status [42] ), it should be con• trasted with pure vasodilators that may decrease MV0 2 by 10 to 20%. There were no significant differences in the survival characteristics of milrinone-treated patients with and without underlying coronary artery disease, and wors• ening of ischemic symptoms was uncommon in our study.
In addition, the occurrence of only one documented myo• cardial infarction during follow-up (that due to saphenous vein graft thrombosis) suggests that precipitation of overt ischemia by milrinone therapy would be an unlikely expla• nation for the high mortality that was observed. This com-parative lack of adverse ischemic events in the current study contrasts with the observations of Packer et al. (23) in 29 patients treated with oral amrinone, but nearly half of our patients with coronary artery disease had undergone prior bypass surgery, and patients with limiting angina had been excluded from entry into the study.
Ventricular ectopic activity. A second mechanism by which inotropic agents have been postulated to worsen sur• vi val is by enhancing ventricular ectopic activity. The pres• ent and previous studies (5, 11, 12, 39) demonstrate a high prevalence of nonsustained ventricular tachycardia in pa• tients with advanced congestive heart failure, with or with• out concomitant antiarrhythmic therapy. Our data support a relation between baseline episodes of nonsustained ven• tricular tachycardia and subsequent cardiac mortality, but fail to demonstrate any significant correlation between the presence of this arrhythmia and the mode of death (sudden death versus death due to progressive heart failure). A more important concern, however, would be that milrinone may have increased ventricular ectopic activity or mortality, or both. In fact, therapeutic concentrations of milrinone may improve conduction and reduce postrepolarization refrac• toriness in "ischemic gap" preparations (43) , which could exert either a proarrhythmic or an antiarrhythmic effect in patients with areas of decremental conduction. On the other hand, our 24 hour ambulatory electrocardiographic moni• toring data show no overall change in ventricular ectopic activity after milrinone administration, and no difference in subsequent mortality for the patients who showed a slight increase or decrease in ectopic activity on milrinone therapy. This lack of an overt proarrhythmic effect was recently substantiated by Goldstein et al. (44) , who showed that intravenous milrinone did not change the incidence of ven• tricular arrhythmia on electrocardiographic monitoring, and significantly reduced the inducibility of ventricular tachy• cardia during programmed right ventricular stimulation. On the basis of these observations, there is not evidence that the high 1 year mortality observed during milrinone therapy can be explained by a pro arrhythmic effect.
Myocardial degeneration. The final mechanism that has been suggested as a possible deleterious effect of inotropic therapy in heart failure is an acceleration of myocardial cell death due to "flogging" the failing heart (21) (22) (23) . If this mechanism were operative, one would expect more rapid worsening of ventricular function in patients receiving long• term oral inotropic therapy than could be explained simply by continued progression of the underlying heart disease. In this regard, Sinoway et al. (17) reported a reduction in drug-free stroke volume index in a group of seven patients who had received 2 to 9 weeks of oral milrinone therapy. It should be noted that 21 of our patients died of progressive heart failure after a mean of 4 months of treatment and that we observed a tendency for milrinone and furosemide doses to be increased as heart failure worsened with the passage lAce Vol 7. No 3 March 1986661-70 of time. On the other hand, Simonton et al. (19) reported no change in the drug-free cardiac index, pulmonary cap• illary wedge pressure or stroke work index in 25 patients treated with milrinone for an average of 37 days, supporting our recent experience (45) in 13 patients who were restudied after 8 ± 4 months of continuous oral milrinone therapy and showed no worsening in average drug-free myocardial function or milrinone responsiveness after long-term treat• ment. Although worsening of myocardial function thus does not seem to be an inevitable consequence of milrinone ther• apy, a placebo-controlled study will be required to accu• rately evaluate the possibility that milrinone therapy may affect-favorably or adversely-the rate of deterioration of myocardial function in excess of that expected simply as the result of the progression of the underlying cardiac disease in patients who receive conventional therapy alone.
Limitations of study. The main limitations of the cur• rent study are its open label design, use of a subjective end point (functional class) to determine clinical responsiveness (although the principal end point was mortality) and lack of a concurrent control popUlation treated with conventional therapy. In part, these limitations are inherent in the initial clinical investigation of a new inotropic agent in a patient popUlation with disabling symptoms despite conventional therapy. Until proposed randomized trials with milrinone are completed, however, careful analysis of detailed non• randomized "data bank" studies provides the only means of assessing long-term drug safety and efficacy (I).
A second limitation concerns the statistical treatment of patients withdrawn from the study. According to standard life table methods, these patients are treated as "lost to follow up" or "censored points" at the time of withdrawal. If preterminal patient withdrawal is used excessively, how• ever, it may reduce apparent mortality and contribute to misleading results. In part because of the low incidence of side effects during long-term oral milrinone therapy, only 14 patients were withdrawn, of whom only 5 might be considered suspect (2 patients with poor compliance with the protocol and 3 patients with lack of clinical response). Reanalysis of the data with continued inclusion of these five patients beyond the point of withdrawal does not signifi• cantly alter the findings. Implications. Our experience in 100 patients with se• vere congestive heart failure suggests that long-term oral milrinone therapy is well tolerated, and that significant clin• ical improvement occurs initially in approximately one-half of patients whose symptoms had failed to respond ade• quately to conventional therapy. Early mortality, however, remains at or above that reported in previous vasodilator trials. Although this may be due in part to more advanced hemodynamic derangement in our patients, it is impossible to exclude a contribution of milrinone therapy to poor overall survival. On the other hand, analysis of three potential mechanisms (increased ischemia, enhanced ventricular ec-topic activity, accelerated myocardial degeneration) do not suggest any single mechanism by which milrinone might worsen survival. Pending more definitive, appropriately blinded, placebo-controlled trials. it is important to realize that despite the initial salutary hemodynamic and clinical effects, therapy with milrinone does not appear to improve the prognosis of patients with advanced heart failure, and should not delay more definitive interventions such as car• diac transplantation (46) in patients for whom this alternative is available,
